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ORBITAL INFORMATION'

The orbital elements have been derived by the indicated staff mem-
bers of the Satellite-Tracking Program, Smithsonian Astrophysical
Observatory, employing the SAO Differential Orbit Improvement Pro-
gram (DOI).

As opposed to osculating elements, the elements presented here
are mean elements in the sense that the effects of the short-period

perturbations due to the earth's oblateness have been eliminated,

SAO mean elements have been derived from observations covering

several days and are given in the form of a table. The successive sets
of elements are essentially independent of each other. They are depen-
dent, however, in the sense that high-order coefficients in the secular
and the long-periodic terms are generally considered as known and as
constant for periods of several weeks or months, as dictated by con-

venience.

The times of epoch in the mean elements are reckoned in Julian

he sake of convenience the number 2400000, 5 has been

Days, but

L]
@]

o
subtracted to provide an abbreviated notation,which we call "Modified

Julian Days, ' or "MJD, "

The units of the orbital elements are degrees for angular Guantities,
6 . .o .
megameters (Mm = 10~ meters) for linear quantities, and revolutions

for the mean anomaly M and its derivatives.,

lThis work was supported by grant NsG 87-60 from the National
Aeronautics and Space Administration.




The tabulated values of the SAO mean elements give the values
of arguments of perigee w, right ascension of the ascending node 2 ,
inclination i, eccentricity e, and mean anomaly M as functions of time
t=T - TO (where T0 is the reference epoch) expressed in days. The
two-digit number placed at the right of each value represents the

standard error for that element and refers to the last digits given.

The same tabulation also gives the mean (anomalistic) motion n,
the orbital acceleration n’/2 or n’(dn/dt), and the semimajor axis a
or the geocentric distance of perigee q (in megameters). Of the last
three columns, the one headed N indicates the number of observations
used for the computation of a set of elements; the one headed D, the
number of days used; and the one headed o, the standard error of the

representation of the observations relative to their assumed accuracy.

In our computer program, the inclination and the argument of
perigee are referred to the true equator of date; the right ascension
of the ascending node, however, is reckoned from the mean equinox
of 1950. 0 along the corresponding mean equator to the intersection
with the moving true equator of date, and then along the true equator
of date, To transform from right ascension of the node as determined
by the DOI to right ascension of the node referred to the mean equinox

of date, one uses
Q° = Q° (DOI) + 32508 X 10™° (MJD - 33281)
where MJD stands for the Modified Julian Day of the date.
Tables 1 and 2 show the station coordinates and the values of the

tesseral harmonics used. The data were obtained using DOI 3, 6 and

include the use of lunisolar perturbations and tesseral harmonics.




Station No.

9001
9002
9003
9004
9005
9006
9007
9008
9009
9010
9011
9012
9114
9115
9117
9023

-1.
5.
-3.
5.
-3,
1,
1.
3.

X{Mm)

535757
056134
983753
105603
946699
018201
942769
376887

2,251825

0.

2

-1

-3

976290

. 280568
-5.

466064

. 264893
3.
-6.

121306
007397

. 977741

Table 1.

Y (Mm)

-5.167003
2,716486
3.743116

-0.555230
3. 366295
5.471105

-5.804088
4.403996

-5,816922

-5,601394

-4, 914580

-2.404279

-3.466758
0.592617

-1.111886
3.725130

Station coordinates

Z{Mm)

3.
.2,
-3.

3.

3,
3.
-1,
3.
1.
2,
-3.
2

401057
775825
275607
769685
698854
109619
796967
136257
327165
880244
355468

. 242179
. 185426
. 512686
. 825718
. 303074

Stations

Organ Pass, New Mexico
Olifantsfontein, South Africa
Woomera, Australia

San Fernando, Spain

Tokyo, Japan

Naini Tal, India

Arequipa, Peru

Shiraz, Iran

Curagao, Netherlands Antilles
Jupiter, Florida

Villa Dolores, Argentina
Maui, Hawaii

Cold Lake, Canada

Oslo, Norway

Johnston Island

Island Laagoon
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Table 2.

0.
-0.
0.
0,
0.
-0.
0.
0.
-0.
-0.
0.
0.
0.
-0.
-0.
0.
-0.
-0.
0.
-0.
-0.
-0.

~
-U.

-0.
-0.
-0.

-0.
-0.

24600E-5
13000E-5
19100E-5
24000E-6
77000E-6
59000E-6
39000E-6
15400E-5
54000E-6
43000E-6
37000E-6
65000E-6
84000E-6
20000E-6
40000E-7
33000E-6
10000E-6
10000E-6
61000E-6
25000E-6
55000E-6
90000E-7
22000E-6

. 60000E-7
. 90000E-7

57000E-6
40000E-7
60000E-7

. 90000E-7

33000E-6
30000E-7

.20000E-7
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oo 00 O
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Tesseral harmonics
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12
12
13
13
12
12
13
13
14
14

-0.10000E-7
-0.46000E-6
-0.28000E-6
-0.45000E-6
-0.39000E-6

0.18000F.-6

0.14000E-6
0. 33000E-6
0.14000E-6
-0.20000E-7
0.10000E-6
0.10000E-6
0. 60000E-7
-0.15000E-6
0.40000E-7
0.11000E-6
0.50000E-7
0. 70000E-7
-0, 12000E-6
-0. 90000E-7
0.20000E-7
-0.10000E-6
-0.10000E-7
0.10000E-7
-0.10000E-7
-0.50000E-7
0. 80000E-7
-0. 30000E-7
0. 30000E-7
-0.60000E-7
-0. 60000E-7
0.10000E-7
-0.20000E-7
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2 March - 29 April 1963

Satellite 1959 Alpha 1
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1 May - 30 June 1963

Satellite 1959 Alpha 1
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2 March - 30 April 1963

Satellite 1960 lota 2
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2 May - 1 July 1963

Satellite 1960 Iota 2
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31 December 1962 - 30 January 1963

Satellite 1961 Delta 1
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31 January - 28 February 1963

Satellite 1961 Delta 1
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1 March - 31 March 1963

Satellite 1961 Delta 1

G3°1
62°1
A B
L9°
L
93 °
s2°1
96°
)6t
6e°1
94%°1
96°
yL*
H9°1
19°
l8°
201
211
€s°1
612
9L
J¢°1
98°2
LE*s
62°¢
sl°1
96 °
12°1
16°
56°1
Lett

MM M M M O MM M M M MMM M@6 0 MO8 M ;0 6 ;60;o mmmea; o

24
6%
k44
LS
13
59
86
65
LS
%9
€9
{3
[43
81
81
12
62
S€
be
1%
82
[ X4
s
419
113
e
62
8¢
134
[4
iy

620946°9
929956°9
618956°9
LYH156°9
JSLLS6°9
§52856°9
£Y9856°9
£E6856°9
961656°9
829696"°9
266656°9
€LEQ96°9
969096°9
»€9096°9
625196°9
8%8196°*9
LB1296°9
86L296°9
JEEEIS9
968€96°*9
9ZLY96°9
805696°9
298696°9
5€5996°9
8Y5L96°9
SCec896°9
1€1696°9
€200L6°9
£ES89L6°9
8981L6°9
062€26°9

e-31eve*
€-394ye*
€-381%2°
€-3499¢2°
€~3uL¢ee”
€-318¢l°
€-326%2°
c-38242°
€-3I1y¥ye2°
€-3z2022°
e-311¢e2°
€-312%2°
€-36€52°
1 €-389%2°
L €-39912°
1 €-3212°
s €-39¢12°
Yy €-37%12°
€
6

M TN 3 NN e e N

€-30812°

€~-32L2¢°
Z £-3662°
8 €-360L12°
1 €-4992°
Z €-39%2°
€-39L12°
€-32L02°
€-3L102°
€-36861°
€-31202°
€-3¢902°
€-34802°

+ N NN NN O

2/

1 691498221

6 S9LeHv82° 21

1 9slege el

9 20tTeege~21
8 0Lc828Z°21
L s%9e28Z*el

1 848182°21

8 28Le18e"Z1

188082°21
92%082°21
28664221
1066L2°21
6668L2°21
b ts8L2°21
2 g08LZ"21
1 19442721
cozLLz et
9LL9LZ 21
Lye9L2°21
6166L2°21
28¢£622°21
2 006e2°21
6 bEEHLZ°21
9 68LEL2°21
€ TyegL2eel

NN

NN

o N NN

L 9s162L2°21

1 9062L2°21

6 H2012L12°21
9 Zoolt1LZ 21

1 9621L2°21
2 Li80Lz-21

0€2091°
6065L8 "
cLy1ss”
8Z6LIE"
Y98%20°
1seeyL”
€C1IIy°
e6y3L1"
€9€L58”
2EL319°
82s3ec”
€8L353°
yestil®
v 9935%°
1 L¥yeee
1 192%6°
£12999°
9Zéaac”
e99111”
YZG5E8 "
688546 °
€ 6LY32°
He3I10°
86565¢€L°
e1H29y°
¥B2531°
yL5316°
LZ44 0
69¢2Le"
YR B
€aLses”

W N wd ed = PO N O - O

O N = -~

- et et e e e NN~

sglezl®
zriezrte
390¢e21°
gZleel”
62dc21°
yLezzi®
€ys221°
cevz2ZL”
sisz2t”
Z 632e1°
Z 9IsegzL”®
Z eazzle
3

[4

N mt et et =t =t Oy NN

eszer”

§3ze1*
asLeztve
tyt2zzi*
Lyeezeee
s99221°
orgzztl-®
696221°
Leyzen®
T 1%221°
3 58c2Z1°
T egeel”
) Jzezztle
Z seglzene
€ Lsdzz1e
£ gL6t121”
1
Z
4

M~ 3 NN M omoMmoan

gggtrztl*
aLLtzye
asrezye

Lo T T S I T o T ¥ o TR o o T o VIR . o TR o VI B T R B VR e e . T T B I B I )

5258°3¢
2i58° 3¢
?158°8¢
3)68°38¢c
3)58°3¢c
L33g*ac
[338°3¢
1338°3c
yLas dc
Jsge e
S»38* 8¢
tr38° 3¢t
588 3¢t
ledB*Be
L238°3¢
2188°3¢
I5L8*3¢c
58L8°3¢
1Lig°se
33L8 3¢
¥3l8°8c
IslB*de
IvLe*dc
Jste*dc
Syle*de
19L8° 3¢t
LELB*BE
Zyl8°8¢c
IZLB*B¢c
Jytle*ac
[& 200 13

Leye 622
ZHL0°¢cel
5e08°9¢e?
6CeG°Ch2Z
096Z°¥H2
86L6°LYZ
180L°162
Oveh°6s
68s1° 662
yZBB° 2927
L909°99¢
glee*CLe
6680 %2
TooeLtLee
g2gs 182
9s22°68¢
G6%6°882
80L9° 262
006c° 962
8911°00¢
£2eB°E0L
I %55°L0¢
1 8L2°11¢
1 000°s1t
? wiLliL 8l
Zvew°ile
Zeal*92c
8olB 62¢C
¥8BS EEE
890c°Let
L2231y

N ™

TN (¥ o (N e [N e e e ()

v N ¥ v ~m

- I A4

™~

N Nt

o™~

3elL*802
Y£eB°€02
t6v6°861
33532°%61
1tar-eat
L1te*vB1
582%°6L1
1238 %L1
5669°691
p6e8° 991
telb® 651
5L60° 661
2 ZwZ°0sl
I Iy°s¥yl
b 3e5°0%1
b 639°6¢El
Y»58°0¢€1l
58566°521
yLIT* 121
8 s36le°9T1
13y 1t
129°901
918°101
236°96
IpL°26
ZLIET LS
163%°28
y 00e9°LL
eys5L° 2L
3256°L9
L321°¢9

WO T N MM v N N T T

w o

')
- N N © v

~y

ny

L3

T T

‘-2 8 117
s°8llee
S°LTlete
s*9trlee
aolltie
STyliie
ST elle
g Zline
1 B 8§11
§°0113¢
§°6013¢€
6°8013¢
§°L018B¢
5°9018¢
§°5J18¢
S°y018¢
1 201 41
5°2018¢
s°1ot8¢c
§°2018¢€
56608t
5°8608¢
S L608E
5°9608¢E
5°6608¢
$°%608¢
S°E68E
$* 268k
s 16)8¢
§°lb)BE
s°6818¢

(arn)
L

16




1] April - 30 April 1963

Satellite 1961 Delta 1
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I May - 31 May 1963

Satellite 1961 Delta 1
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1 June - 30 June 1963
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! January - 28 February 1963

Satellite 1961 Omicron 1
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2 March - 15 May 1963

Satellite 1961 Omicron 1
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19 May - 30 June 1963

Satellite 1961 Omicron 1
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3 January - 20 March 1963

Satellite 1961 Omicron 2
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4 April - 30 May 1963

Satellite 1961 Omicron 2
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1 June - 1 July 1963

Satellite 1961 Omicron 2

6°
L8°
b6*
88°
10°1
BI°1
LFA
sv° 1
0%°1
Lte°t
96°
96°
oL
8 °
66°
LA

01
21
21
01
o1
o1
o1
01
o1
21
01
ot
N
o1
a1
o1

143
e
8¢
9¢e
6€
BE
e
62
€e
iz
91
91
b1
1t
g1
9

yevyBsZolL
669852°L
L99862°L
elLgse L
16L8s52°L
£69852°L
2zgesz L
6268s2°L
Yy1862°L
L90652°L
€80652°L
1%0652°L
116862°L
L56862°L
968862° L
926892°L

~
~ = O T T O M NN N e

~

&
O & N3

9-361°
9-391°
L-3e6t"
9-311°
9-311°
9-3¢C°
9-391°
9-381°
L-3€Yy*~
9-391°-
9-36L°
9-36L°
9-3¢2°
9-39¢6°
9-382°
9-3¢e”

2/

1

Y
€

9401698°€1
6€01698°€1
$e01698°¢1
0e01698°¢1
az01698°¢€1
»201698°¢1
L101698°€1
s101698°¢1
9001698°€1
9001698 °¢€1
2660698°¢1
1 960698°¢€1
€L60698°¢1
2 660698°¢cl
9660698 °€1
8460698°¢1

b O9Ed°
Z 6852°
cLLSS®
69518 °
S€130°
91eye”
L6%39°
2oLIe”
56321°
B8LISE"
aLze9*
1sy16°
LeLt®
€ 63ky°
S 8%0L°
§ 9¢Z936°

M F F M O F F O M 3N

€223)3)°
251323
1L130)°
Z91333°
9s1302°
13132)°
Z9133)°
yel13l)°
EST32)°
¢u13dl”°
111300°
831302°
GET3DD°
¢ 30320
€ LET3DD®
1 Be13))°

N G M N et N el et o o NN

NN N e o N W W

N M om0

N =W

HLAS A
JyiB°* 97
2218° 39
Iel8* 33
tel8*3?
Lite~v?
Jelg* 93
JZ18* 93
Tyla*33
Z518°33
yel8°337
celg*9?
jrig* 3y
tyis* 33y
3318°37
591833

IN N N N e m e e NN W@

N W o~ W

™~

6eELs 2L
gZZyc L2l
LzLzezel
Lo2Zr° el
£E696°14H1
ZLI8"9v1
€999°1st
LETS° 951
Ly3e°191
9212991
8190°1L1
2ot6°sLt
ELSL° 081
£809°s81
L9sy 061
140e* 561

N e m e e (N @ e

N N N e e em e e

IETHYL
syl
1o° eyl
sE°8y1
LI 141
Il 1s1
19°¢st
[6°€sl
52°661
19°9s1
ed° 8ol
9651
LL* 091
90°291
66°€91
16° %91

b A & €411
2°6028¢
J°L10213¢
2°6028¢
J°edZse
3°1028¢
J*6613¢
J°L61BE
PA1-24:1%
J*eole
J°1618¢
J*6818¢
JeiLeree
J°s818¢
)°e818¢E
oAl 8:0%:14

(arm)
L

25



1 January - 28 February 1963
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Satellite 1961 Alpha Delta 1
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1 January - 1 April 1963
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3 April - 31 May 1963
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2 June - 30 June 1963

Satellite 1962 Beta Upsilon 1
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NOTICE

~ This series of Special Reports was instituted under the supervision
of Dr. F. L. Whipple, Director of the Astrophysical Observatory of the
Smithsonian Institution, shortly after the launching of the first artificial
earth satellite on October 4, 1957. Contributions come from the Staff
of the Observatory.

First issuedto ensurethe immediate dissemination of data for satel-
lite tracking, the reports have continuedto provide a rapid distribution
of catalogs of satellite observations, orbital information, and prelimi-
nary results of data analyses prior to formal publication in the appro-
priate journals. The Reports are also used extensively for the rapid
publication of preliminary or special results in other fields of astro-
physics.

The Reports are regularly distributed to all institutions partici-
pating in the U. S. space research program and to individual scientists
who requestthem from the Publications Division, Distribution Section,
Smithsonian Astrophysical Observatory, Cambridge, Massachusetts
02138.




